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3$ ^JLS. 3<H*M, °1* ^#^o]e! %i*lrf. ol ^<i>Kr 
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^ ^V-g-oH, ti_V-g-g- Al^lol^'^ ^ nl^- 

y <HH^ S1«H">H IK!:^ ^fl* 6 >7l*V4. 

<14> O^H T£*>i=. f^^O^ <&^n°] ^ ^ 0*1 #3) £ 

IHI^H Hl^fe- S-^7> iHm ^ 5a4. 

o^7l nfl^j - # ol A§ 7 )^ ^t^lM^^l <H3$4. 
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<16> A|iel nfle^^ofl ^ ?H} ^ ^ o] e^l H^ig ir°J:^ 
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<17> HL*V, ^efloll^ floH, 044^ 2.1^- A^f^o.4, o]^ 
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<18> ^ A>-g-^- ^ofl^ ^#^4 ^11- 4^71 ^*fl 

^-8: 4*HS! <a^# ^_£LS ^cf. [Eischen et al. 1996] 4^ « 

*fl-& y ^1^7l 3]*H ^ z]ol ( arc length) TlH^ ^#^r o]-g-si]6>n> ^ Jlj 

*W &H^f ^511- 7l^c^o> ^4. 

<19> [Baraff and Witkin 1998] ^Hfe <2^l°l #4^1 ^s)^ a!^ S.'i^ 
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^l&°r#4^« a}o}<HH tfl^o] ^ ^tg^g. d]-g-^4fe ^HH <£^1 2-^5] 

5] ^ ><H3°1 nfl-o oT:^ 7l ^.g.^ ^o^o] a} ^] ol^. 

<20> f^fe- 3#£] ojaj Ji.^ o. ^ # Al^Eflol^cH] £^^>7l 3]#5] o] 

3 ^41- 33 Aj-g-^^o.M-, ^MH 2}^ o]^ aV-g- 

(hysteretic response curve)^ ^3*1 ^ ^^-^ Al^flo^A) sl^ -§-<^ 
^ofl^ 21 -g- 7>^^>7l nfl^] ^^05. ^-<**H (dynamic) A] ^ efl o] # 6\] fe 3^ 
*1 ^Hd£r #31 ^-1- ^5f^| cflt!: ^(function of 
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A>-g-*H n A A 44. 
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<28> £ 4^14^r 3]l-oll og-^^oj o] 7} s\^ <S^d\] Xi^L} =^44 ^ a A ] 

?l44^r 2-44 44^ alt 4-§-4°i *]#4 4 4^-8: 4 ^-31 °1 4 44. °H ^ 

^ofl ^jo-ofl ^ £ig 144^ ^444tt ^ ^EflS^-Ei 7)144 

^ 44. 

<29> H 2» 4^4<*l 4^iL5. 44 4#4 ^ 4^1 tfl4 4^1M4» T^Rr 4 

^4 4^44. 51 24) £4£ S.t^ 2l#4 ^4 ^4 ^ 

34- 44 &4 ^°-5L 5A}44 ?H4, a}£A] zl4 UUf 434 4xr 4il 

5. ^a}:^ ^£L 4^-4 , ojofl cflsflA^ ^ 4^44. 

<so> £2 1 4^4, 4^°1 7>*fl44 4 ^, °1414 ^44 4^ 44xr 

444 4°l7> L X 4 34 «1 ^Hflolcf. 4#^# Oj o. 7 J *ofl ^2^r 5144 

44 4^1 4434 4^ 4^ 1 £444. 4 1^4, £ 4^144 4 

44 4°li- 4fe 4Jls4 ^ 44)4 ^44 5444. 4, 4^ 44 ^4 44 
a>o)4 4°1 4*flfe ^4 L x A^4 447> ^r4^4 4^14 SM), Li 4 

°14 34°1 Li 4°14 ^is 4^ 4^4 444) 44^ 5-444. 
<si> ^avo^ ^ ^ 4H44 444 444^-^4 ^*fl44. 
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E- 1 I KdKdx 
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<34> i , 

2 (2) 

<35> °}7H, « WW, 

<36> <&£ 7 } a^fi] 3lA}^o] Ll 4 7}^*}^AM, ^1" K ^ 



<37> 



2 -i l^z/il . sinx 

K=— — sine ( — T — ), sinc(x) 



L * L > v (3) 

<38> (3)0. ^ (2)o]1 cflog^j, ^ BijEi^ 4^-4 ^-ol -B-H^rf. 



<39> 



^y^" jc.., d\x...\ , jc... 



<40> XL, x 



2 2 K-il (5) 



<41> 



X 0 1 



\ x iji 



(6) 

<42> £. 5tt £<g 1} ^^-7^11- ha1*i nBflsol4. 

7^>^ SM ^ ^ , °J 



1020030001614 <U*\: 2003/6/10 

31*1 (P cr ) °1^ 3.7]2\ % <2j 0.^14. <^7H, 



<43> 



<44> 



/" "■= f C b<.\ x tji\- L \>> fb< c b<i\ x U A- L C> 
\ f b otherwise 



<45> o]4 £0) ^A^El-t, ^^lfe 3. ^6\y\ 0^4. 

<46> ^ tfj^oj ^tijoj; Dl)Eg].AH 4-g-4 Sg-o] -fr-S^tf. 

dXj d\x m \ x* x x m \x tJX \ x* Jv x IJX (y) 

<48> V 

4 o]Aj o> 7 )^ 7^01 014. -j=l ti}*fl ^ AV^^rf. Aj- 

^tt, a>^^ ^Hjoj. uiiB^i-e ^5}-^ a.^§- A>-g-*> 

°J *1#^ ^ ^-§- Sfl^tl 14°14. 

<49> Aj-^^V Aj A] ofloflA^ ^ ^ Tj-O] CgC^ O. ^ o_ ^ c£ fe 

H r)A5. a^^^V^O-M-, til-Al §io.tH, 2-1^ ^ 

3§ ^ 



<50> 



2 Jx,U^ 2 * V ' ^ (g) 



<51> ^ ^tj-.(^7H, Aj ^ Aj SA]£ £0] SW^tf.) 
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<52> 



<53> 



4 v «il l*«il 



<54> 




<55> 




,(9) 



<57> ^H^fe 3gig ^Bflofl £ ^ ol^^ ^Jr SE^r 7>^*>^^.l4, *1 

^0)# 7H^ 7l^>^ 3711 3HM*1 ^£S, Cf^ I^AS 7>^ 

<58> (oi3 ^ g amip 

< 59 > s^-g- a.^oflA^ ^ ^f: ttfl, ^^S] ^-#(curvature)4 ^ 

S-^HCbending moment^} -^^2] ojcfji 7>^^>^cf. ZL^fl 7>^^r 

^ ^f^lfe £ 3-g-€ ^ 5^4, 331- ^ <^ ^^(hysteresis)i: 
7^1 ji oi 7 l "fl-S^l, ?HH ^ ^ oiu}. £ 7 ^ ioo% £<^1 ^ 

£41- 33 A>-g-^ojo.i4 ( ^ofl ojo^' ojej aV-g- ^(hysteretic 
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response curved ^ €4^r ^f- - ^3-7> ^<?J§ ^-f 6 !!^: ^-§- 

7r^^}7l nfl^oll O dmo s ^<*«r3 (dynamic) 41r3H^°)l^ *^r*l S>4. 
<6i> ^, o]^ ^ ^ ^5}-^ 4^°fl cfltr ^(function of entire 

curvature historyHy] nfl^l , #eH 2.1^ Afl-f*l ^ 4-§-3l 
?A£ 1M*H4 &4. 

<62> H^o.^ :M!4 ^^o] £0.^, ol^*V oj^ <g^}v§. ^^5> 

7] ^l^H 2 8 ^ S. 9°\) 2^1^ a}4 A>-g-^ ^ ^ <£b}^ 

4. 2 8<^H^ £ A <^ 7>^1 #^(slip) -fr^-i- £a]^>ji 5L^H(F)^1 tfltr ^ 

t(X)4 43H-§: Zf7l £ 9^Htt -f}-^ Af-g-^H 71 

<63> 7)^*1 a^bj 0>vi 3]!- ol^ J^j-g. «||^^. 7 l 4^A^ 

3^ O]^ £f|; A}-g-^ ^^7> £ Ir^H^ Afl S ^ o)^ 2.«r 

A>-g-f- , 5. 74 ^*\] 3l#4 o]^ til-g- n]-^ ^ ol^j 4^4_ 

<64> o)ofl cfl^ ^*r£, £ MH^A-^ ^( S lip) o.uJ n7 fl4 

£tt i = *8 n+l7fll- £ 10°f| 44 W <H^3. £M 
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< 65 > £ 10^ ^ <^ A^H^ 47flS] 37fls] ^ <^^8H °1 

rrflo] til-g- ^-1; Ji<^Cf. ^ ^ ^-^32)- ^xr^ ^ 

3 #^>^, .^^11 £1^ HV-g-^d^ ^^1 <2^f°H, 71^7]^ ^ 

;*HH 44 K0+K1+K2+K3, K 0 +K 2 +K 3t K 0 +K 3> Ko °1 €4. 

<66> E i 0 ofl ti]-4 ^ol ) 3.^7} #^1-711 4^ ^r-S-^-^l^ A 4 A 5( A 5 A 6 , A 6 A 7 , 

A 7 A 8 ^ ^5.1- 4^-711 £4. <^7l4, A 4 A 5, A 5 A 6 , A 6 A 7 , A 7 A 8 ^ OAi, A^, A 2 A 3 , 
A 3 A 4 4 44 ^*3444 ?±o] 7 } sf. alHn^ wH^°l ^^}p\] #t\-. 

<67> .a ^oflA^ Vx4 i^^o] 7fl ^ ( 4 ^ o.^ oj 3] 5L ^]E > 

SLS. ^-1- tlRV S^B ^r^l M(K) ^ ^4*1711 £4. 

< 68 > Afl5L £ £|| 5L^1 4^: ^#4 ^ £^ *fl4°ll 3-§-47l4 

^IHtt 4 (8)^ #uflA]ol) ol^^igofl o^tb ^ «; # 4^4^ £4. oj^j-oflAi 
4r $)4 43 Ell- "4- jl»-olA>ol^s.^ol2f ^nf. 

<69> HL ^ ) £ l^ojjAi^, ##*1 £ |o|l ^7>^H , £ H>4 ^o] £ 

471 Al4^ ^-£-^4 i^j £tgo] ^14^ «-« (51 10^1 Ai, A3 4<>14 A 5t A 7 AH) 

44 # *U44°fl &44, ^ #3 ±2.%-<£^ 4^°1 s. 114 ^HMH Ji^r 44 £ 
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<70> a}7H, $ tt}*fl ^jTfl^H ^ ttM^ O mini 4*1^-°^ <$7\] 

*H £U -fry 3 3*1*1* o max a1- ^Sbflfi] ^ ^ <y^- 

<7i> ol 4 t k* ii^ #^gr ^ # ^#^1 ^4tt 

iH^. 4fe &°14 *>U1, £ 10^ ^ofl n}HT3 ( O] ^JjL UV^^O] 71^71^ 
*fl<^Hr 2*> f-^7> $c<&m\ 13€4. ^o] o>2fl 

^S] ^tfl^ H7l7> o]^7fl tiVol sjfe °H M^l* U£ ^ -a-^-i- ^ofl *V 

E Al*V ^ol4. 

<72> ^ o]^ SL^H S 7 ]^ nV*V A >^^ ^7flS] #^ -f}-^ A>-g-^ nfl^ 4 

^ ^VEfll- T^flo) ^^nV ( -*V 7 fll- A}-g-f-0_j^ ..$.*} ^ aH>^-^4 «^ 

' ^ &0.4 ^.Alofl ^4 ^>fl6ji 7 }4£ o]^ AH-efloi^^- ^ 014^ ^o]4. ol 

< 73 > ( ^g.*a g^M ^ ffJg M^L ) 

# 4if^, 3]#5l -g-*]^ Ai^efloi^^ci-. ^^oi 017).^ 7^-0-4 4^ 7 > 
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4^., 4442- 4444 444 ^4 4:44 ^44 ^4 ^4 444^ ^f-o. 

£.*], 4434 4tt 41"4 3"44# 41:44^44. 44 ^ 444 4^ 4 
3-4 44. 



<75> , l 



\ O, \x iJ2 \<J^ 2 ( 10 ) 444 

^ i4 444 4^44 4444, L 2 -fe 444°1 4444 ^ 4444 
4 4444, k s ^ 44^44. \ x o2\< L 2 7go.6\)^ 4444 o °1h 

5-, 44 4444 43-1- 4-^44 44 2-44 43-4-^ 4 *r $14. 

<?6> #4 444 42.5.-^4, i4 44 #44 444 4^ 444 43-4tt 43: 



<77> 



Kj/K^s _ (11) 

<78> ^ ^-O] s^44 , 

<79> a o V 7 ] ^ tfl E ^ ^Wl^> nflE^^^r, 



<80> v X T T x r r 

X ij~Z X lJ2 1 y' 2 ' X .j2 X i/2 



dxj 

\ O, \x /J2 \<L 2 (12) 

<81> £}- ^-Cf. 

<82> a o v 7 ] 4^44 uflB4i4 4*fl 43: 44 i^^3- 43-44 4 #4 4444 4 
3-1 43-1- 2*iW 145.4, 444°fl 4^: 4i>43- 4%H44 44 (stiffness) 
4 4444^ 41- 4444. ¥ 4*J| ^3r 45:43- 4%H1 4^Kr 4%M144 4 
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^2 

(1 =-— ) 

$o) t \ x ijz\ oil «13144fe ^ ^l|t}. 2l#o] ^AVolHS, 4Jl4-8- 

oil 3H*Rr ^4°fl « 0 v%Hl *11444. 

<83> iE^ SL^ 44§H 4-§^Rr ^-f«fl4 S-lolHS, '^1 ^o. L2 

44 # &7l r^^r^l 144 4^ 4^7} S]Ei, <^»1 

oJ-^^014. n|.^ f ±2^ <£^o] Zt&75}±: 7§^) X\&*}7)} 44, '^1 ^ 

^2 

(1-7-^) 

oi o as. 44 ^ #4 444H.3., 431 4^ »fl 

^eJ^ (1-a.df/dv+W/dx) ^ aI^V ^efloi a7 ldl ^^o} JLo^ ^ ]y} ^ ^ 

444, £ 4^14^ 4^°l 4-§-4 ^-f°im ^5.^ S-t-i- 444*1 &tt4. 

<84> 4^4, ^2fl7l^^ [Volino and Magnenat-Thalmann 2000H4^ £144 4^ 3.^ 

^1 tfl^fl ^-<H4 ii^ 5Ll^r 4-8-sH, 4 (13) 4 4^*14 iB?]i^ ^ 4*11 4"fr 
01*1:4. -a-^oflA-i 2.^- ^^'4. ^ «i41 44 44°1 

4 JL$-*}7} 7\}3_7\ 4fe ?A^r 44471 44^ ^ 4^ ^7}44. °14 ^ 

tl^t fe£ *14# 471^3.4, ^#4 4^4 *r £4. 

<85> £ t^H^ <#^4 ^-g-ofl ^flA-l^ &°1 ^4 ^ °^A7i^ 

s.^ 4-§-4ji 44^4 4-§-°ll 4*114^ — 4-§-4 °-44 , 7}44 

^ 4-i: ^7}44 ^£ 4^3 1:4^41: *fli4 *r $1?} "fl^fl 31" 

4 44 4 4^4^ 4^1M4 4 $14. 
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<86> OjAj- A^*V y>«q- £o| f £ 2.^4 ^=ig £11" A}-g-SH Zj-Zf oj- 

oi^ofl <3}*V Al^eflo]^ ^-jljm*], Ir^^-i- 

On^ £ M^o] J^^^ofl 7l7fl^ «H 44 1^€4. SEtb, 

¥ <$m) #44^ *HM*H £ ^4 4°<R> ^ 
£ - ^ ^e] «]i?H ^»Ji*l tb4. 
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1] 

*8°1 tHNTr £-1-1- ^-g-^m ^-i- 43^-3. ^lf^l^ y o^. 

2] ■ 
[^^3] 

eA>*V l&iflotf ^^j. ^ £^ tgj^ ^^ofl o]*f| Aj- 7 ] £ig # 

I^^J- 4] 

n ( ^) 7fl #11 -ff-bJ; ^ 

n+1 7fls1 Iffl, 
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#7] n 7fl£] #^ ^-M^r 4^ n 7fl^ ^H^4 3]1 n ^ ii^t^l 

5] 

1:4 S^H^ Pi 3 4^ H-^SHr 
[3^6] 

A 2 %H1 9X°)*\, 

^-71 tI^H 4^- -SM ^^Kr £7fl; *J 

[^^t 7] 

*ll 3 %H1 

#71 ^ ^jg-JfEi *W*}9± ^*Rr #7fl» i^isH, 
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[3^8] 

*ll 7 * 0 H1 

91 

Aj-71 MH#3 ol^ ^£ *fl 4 %> ^ 5 « 0 H1 71^ A>-g- 

10] 

*ll 1 %\ all 2 *J- f 3 %\ all 6 afl 7 %\ ^1 8 & *V %H SJ^H , 

I^D" 11] 

5a<>H, ^71 ^4 

5^R> <£3 ^ °o^°fl 917}^. ^4, ^$\7) &JI ^ £ 

3°1 »VA^sl^ 2^ A}-g-^ ^ ^ O.^. ^ 7].^^ ^S-nfl 
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l^^t 12] 

e*>$ £<8 ^ £^ ^Efll" ^7] 71 

13] 

^A>fV tt^ ^ofl 1^*1 ^ ^Hfl» #71 ^ £ 

71-^*171^11^. 
[^H" 14] 

^1 12 %H1 &oH, 

#7l ^S>^ #711^, 

#71 ^ #3 ^^l TieH a)-^ ^71 £tg ^H§*Rr ^1; ^ 

tt ^H-l ^ 7Br*> 71^-npfl. 
I^^J- 15] 

*fl 13 ^i^, 
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l^^} 16] 

15 %H] &<>H, 

^ 3*3 ^ 7}^ 
17] 

Al-7] ^.f-aj- S.PflH^ ^ ^ 4 ^ ^ ^ 5 *j-ofl 7l7fl^ Aj-g- 

*H ^*Rr 3# ^^-S 3*3 7}^ 71^-npfl. 

18] 

all 11 %\ ^1 12 %\ *fl 13 %\ ^1 14 ^ 15 *fl 16 ^ ^ *M 91 

3t~§- ^7>2.^ ^71 £^ #^tt <3^r€ ^1^*1 4^r3 
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A o v 7l ^ iM^ll- °l-g-*H ^ £^ ^llr^M^ sffe #311- S.^} 
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